Toward the engineering of a super efficient enzyme.
The catalytic activity of a mutant of Photobacterium leiognathi Cu, Zn superoxide dismutase in which the Glu59 residue, conserved in most bacterial variants of the enzyme, has been replaced by glutamine was investigated by pulse radiolysis. At neutral pH the enzyme was found to have a kcat/KM of 1.0 +/- 0.1 x 10(10) M-1s-1 the highest value ever found for any superoxide dismutase. Brownian dynamics simulation suggests that such a high value is due to an enhanced substrate attraction by the modified electric field distribution. The mutant is also characterized by an active-site widely accessible for the solvent, since iodide is able to interact with the copper atom with an affinity constant twice as high as that found in the native enzyme. The large solvent accessible surface of the copper site together with a favorable distribution of the protein-generated electric field gives rise to the most efficient enzyme ever found with activity close to the diffusion limit.